TITLE OF THE INVENTION 

• [0005] SEMICONDUCTOR DEVICE HAVING HETERO GRAIN STACK GATE 
AND METHOD OF FORMING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0010] The present invention generally relates to a semiconductor device structure and 
to a method of manufacturing the same, and more particularly, the present invention 
relates to a transistor having a hetero grain stack gate structure, and to a method of 
manufacturing the same. 

2. Description of Related Art 

[0015] Semiconductor devices such as field effect transistors (FETs) are becoming 
increasingly important in low voltage applications. As semiconductor devices are 
fabricated to have a higher degree of integration, a faster operating speed, and a lower 
power consumption, the magnitude or size of a complementary metal-on-semiconductor 
field effect transistor (CMOSFET) included in the device is rapidly reduced. As FET 
devices are scaled to smaller and smaller dimensions, manufacturers must refine 
transistor designs to maintain optimum device performance. 

[0020] To control problems associated with a short-channel-effect (SCE) in. a deep- 
submicron MOS transistor, a dual gate type CMOSFET design is widely used. The dual 
gate type CMOSFET has a surface channel in each of the NMOS and PMOS transistors, 
and a symmetric low threshold voltage (V^. For example, with a currently-available 
conventional dual gate device, when the threshold voltage of the NMOS device is 0.5 V, 
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then the threshold voltage of the PMOS device is -0.5V. The dual gate type CMOSFET 
. uses N+ and P+ polycrystalline (polysilicon) gate electrodes in the NMOS and PMOS 
transistors, respectively. 

[0025] A conventional CMOSFET structure, and relevant steps of a method of 
manufacturing such a device, will be described with reference to FIGS. 1A-C as follows. 
[00301 Referring to FIGS. 1 A and B, a standard twin retrograded-well process is used 
to form an N-well 2n and a P-well 2p in the substrate 2 via a conventional photoresist 
masking and ion implantation process. In the N-well 2n and P-well 2p are formed 
lightly doped drain regions 16a and 74a, including halo doping profiles 16b and 74b 
respectively. On each of the N-well 2n and P-well 2p is formed a gate oxide layer 6p 
and a stacked gate electrode on top of the gate oxide layer 6p, including a thin 
polysilicon layer 8p and stacked polysilicon structure 73. Laterally adjacent to the gate 
electrode is a liquid phase deposition (LPD) oxide layer 18 and stacked polysilicon 
layers 72. Such a structure is then subjected to a heavy ion implantation using, for 
example, BF 2 + . 

[0035]. AsshowninFIG. IB, after doping for both the PMOS and NMOS transistors is 
complete, a thermal treatment is performed to condense then LPD oxide 18 and to 
activate the S/D implants. The thermal treatment diffuses the heavy implants in the 
polysilicon stack layers 72 into the substrate 2 to form the buried contacts and ultra- 
shallow junctions. Then a refractory metal layer 28, such as Ti, Co, W etc., is sputtered 
on the polysilicon stack layers 72 and the LPD oxide 18. 

[0040] Turning to FIG. 1C, next a standard two-step silicidation process is performed, 
consisting of a rapid thermal annealing (RTA) to react the metal layer 28 with the 



polystlicon stack layer 72 to form a thin sihcide layer 28a on the polysilioon stack layers 
. 72. Then the unreacted metal is removed from the oxide using a standard wet etching 
process,A second RTA process is performed to transform the silicide's phase to a less 
resistive phase. 

[0045] However, there are some problems with this conventional CMOSFET device. 
[0050] In the PMOS transistor, when the thickness of the gate oxide layer 6p is less 
than 50A, boron implanted into the polysilicon gate electrode diffuses into the gate 
oxide layer 6p (Boron penetration). When this happens, the boron diffuses into the 
semiconductor substrate 2 and decreases the carrier mobility which causes a threshold 
voltage fluctuation. Due to the threshold voltage fluctuation, the threshold voltage V. 
of the. gate cannot be controlled, thereby degrading the characteristics of the PMOS 
transistor. 

[0055] Also, even thongh the polysilicon gate electrode is over-implanted by ions, it is 
not a complete condnctor. Therefore, during the operation of theMOS transistor, a 
depiction region may arise due to a depletion of the electric charges at an interface 
between the gate oxide layer and substrate. The depletion region of the polysilicon gate 
has a magnitude of several angstroms (A) and acts as a connected gate oxide layer 
capacitor. If the thickness of gate oxide layer is small, the characteristics of the 
transistor are poor due to the polysilicon-gate-depletion region. 
[0060] To address the boron penetration and the polysilicon-gate-depletion effect 
(PDE) problems, a method of replacing a conventional polycrystalline silicon (poly-Si) 
gate with a polycrystalline silicon germanium (poly-SiGe) gate has been proposed (see, 
e.g., IEDM Tech. Dig. 1990 pp. 253-256). The poly-SiGe gate structure can be 
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manufactured by the conventional CMOS process and can control the boron penetration 

• and the PDE problems discussed above. 
[0065] Also, the work function of poly-SiGe is different from that of poly-Si, thereby 
increasing the threshold voltage of the device. Therefore, the amount of channel doping 
can be decreased, increasing the carrier mobility. 

[0070] However, when the metal silicide layer of Ti or Co is formed on the gate 
structure (as described above with respect to FIGS. 1 A-C), it is difficult to form it on the 
poly-SiGe layer compared with forming it on the poly-Si layer. Also, due to the 
penetration of Ge into the silicide layer, the res.stivity of the poly-Si layer is rapdly 
increased, which is undesirable. 

[0075] Therefore, in the CMOS device with the conventional poly-SiGe gate, a single 
poly-SiGe layer is not used, bnt instead a stacked gate structure having a lower poly- 
SiGe layer and an upper poly-Si layer is used. The upper poly-Si layer of the stacked 
gate structure facilitates the silicide process carried out during the CMOS fabneation to 
thereby increase the conductivity. 

[0080] Generally, the poly-SiGe layer is formed by a CVD method using a source gas 
of SSU and GeH, To improve the PDE and the boron penetration characteristics of the 
poly-SiGe PMOS transistor, it is desirable to form the poly-SiGe layer to have a Ge 
concentration of at least 20% (see IEEE Electron Device Letters, 10(7), 1998, p.247, by 
W. C. Lee et. al.). However, when the Ge concentration is more than 30% and is 
deposited by a chemical vapor deposition (CVD) method, tire surfaee roughness abruptly 
deteriorates. If the concentration of GeH 4 gas is increased to thereby increase the Ge 
concentration in the poly-SiGe layer, the roughness of the surface deteriorates 
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30%. 

[00 ,5, After the seep— — pdy-SfGe and po.y-Si .aye, are formed as a 

" ■ ealin2 (deseribedabovewithre S peottoFIGS.lA-C)arecamedout. 
and activation annealing (Oescnuou. 

( 0 09 0, Howeve.rtistoeGed^es^the^po.y-SiGe^in.othe 
■ ^po.y-SUay^eco^y.-Oeeo— 

V Ponomarev). To aeeount for - Ge diffusion, the Ge concentration * - 

^ « of 20-30 % the Ge concentration in the resultant 
formed with a Ge concentration of 20-30 /•, m 

a n to less than 20% after the final CMOS process, thus having 
PMOS transistor is reduced to less man z. 

uttle or no effect in controUing the PDE or the boron penetration. 

.herein the gate e.ectrodehas the stac.ed po.y-SiGe and poiy-SUayers. 

(0X00, —.yrtwonHbedeshabietoprovrdeanhrrprovedsern— 
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SUMMARY OF THE INVENTION 

. 9m Tdepreaentinvention is dil ec«ed to a s^conducto, device including a gat e 



device 



[0U0, taoneaspecoftheinvention.a.emiconductordeviceindudesa 
^conductor — enavn.ga^e.agate^.ay.fo^ov^e^ace 
ofth e semiconductors^^, and a gate e^ode formcdover .he gate insulatmg, 
^einmegatee^deinclndesalowe.poly-SiGe^navingacolntnnat 

crystal structure , and m uppet po.y-SUayet ha™g a — ctysta^ne sttucture. 

[„U5, In another aspect of *e invention, a semiconductor device inclndes a 

an upper poly-Si layer having a columnar crystalline structure. 

* r asnect of the invention, a semiconductor device is manufactured 
[01201 In yet another aspect oj. uw u. 

ltts u 1 at,g,ayer,deposhing.amorphonsSnayerovermelo W erpo.y-SiGe,ayer,and 
crystalline structure. 

l01K , rnstiUanomeraspectofmeinventmn.asem.oonduotordevice.smanufacmred 
^aeposhingagatemsulatinglayeroverasurfaceofasemiconductorsnhstrate, 



■ insurer, depositing al ieast one intennediatc .aye, having m -orphous 
s „over the lower po.y-SrOe layer, depositing an amorphous SUayer overeat 

poly-Si layer having a random crystalline stmcture. 

a.o.erpoly-S.Gelayerhavrngacolumnar crystalline stmetnre over the gate .nsulahng 

mhous intermediate layer over the lower poly-SiGe layer, 
layer, depositing an amorphous rntermeu 

aepositrnganupperpoly-Snayeroverthcanrorphousmtermediatelayer.and 
poly-Si layer. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0135 , x.efeaturesandadvantagesofthepresentinvenhonwillhecornernoreclearly 
^erstoodnornthedetaded description that foUows, with reference to the 

^notnecessarily hedrawnto scale, and that there may he other enrhodiments o f th, 
the present invention. In the drawings: 

[0140] FIGS. 1A-C shows a conventional transistor structure; 
[0145] FIG. 2 shows another conventional transistor structure; 



[015 0, HG.SshowsasemioonduCo.dev.cebavinsagatewi.haKe.erograins.ac, 
structure; 

[01551 FIG .4m— .^rf*^W>^ — *°" , » 

FIG. 3; 

[016 01 HaSiU—aprooessof^— 

^actw.t^elowerpoly-S.Ge.ayerduxingdepositionofa.no^ousS.; 

[01 65, HGS^Aand.Bmus^aseoond^odoffo^gthegate^g^ 

structure shown in FIG. 3; 

[017 0, HG^showsasecondenrbodunent of a senuconductor device W i* a gate 
having a hetero grain stack structure; 

[01751 nGS-SAandSBs^Geconcentrationastriuntionsforgateshavingthe 
, structures shown in FIGS. 2 and 3; 

having the structures in FIGS. 2 and 3; and 
viewedtooughTEMCTnnnehngBlectro-Microscopy). 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

. ft theDr esentinventionwillbedescribedindetailwithreferenceto 
(01901 Hereinafter, the present mv 

the accompanying drawings. 



stiucture are randomly arranged, the dtffusion speed therein is faster than that in the 
. gram bonndary in which atoms forming a solid structure are arranged in an orderly 
fashion. Accordrngly, in the poly-crystalline structure, Ore diffusion mostly occurs 
through the grain boundary. 

[0200) FIG. 2 illustrates a conventional gate structure for a conventional 
semiconductor (CMOSFET) device, wherein the crystalline structures of a lower poly- 
SiGe layer 13 and an upper poly-Si layer 14 form a continuous columnar structure, such 
as disclosed in U.S. Patent No. 6,180,499 Bl. 

[0205] In this case, Ge easily diffuses through the gram boundary from the lower poly- 
StGe layer 13 to the upper poly-Si layer 14, The continuous columnar structure of the 
^ain boundary has a length along an X (horizontal) axis parallel to the semiconductor 
substrate that is shorter mart the length along the Y (vertical) axis perpendicular to the 
substrate, and therefore acts as a Kind of pipe, accelerating the diffusion of Ge into the 
upper poly-Si layer. 

[0210, FIG. 3 shows one embodiment ofa semiconductor (CMOSFET) device having 
a hetero grain stack gate (HGSG). The gate shown in FIG. 3 comprises a lower poly- 
SiGe layer 23 havmg a columnar structure in which the grain size is smaller man the 
grain size in an upper poly-Si layer 24. The upper po,y-Si layer 24 has a random 

greater man or the same as the length along the Y (vertical) axis. Because the grain 
boundary of the lower poly-SiGe layer 23 is no, formed continuously with the grain 
boundary of the upper poly-Si layer 24, tire diffusion of Ge is restiained. Alternatively, 
the gate can be replaced widr a strucmre having a lower layer of a random crystalline 
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structure in which the grain boundary size is large, and an upper layer of a columnar 
■ structure in which the grain boundary size is small. However, to ensure evenly 
distributed implanted ions in the lower layer of the gate for forming NMOS and PMOS 
transistors, it is desirable that the lower poly-SiGe layer has the columnar structure. 
[0215] FIG. 4 illustrates a method of forming the gate having the structure shown in 
FIG. 3. 

[0220] Referring to FIG. 4, a gate insulator 22 of silicon oxide (Si0 2 ) is formed on an 
Si substrate 21, and a poly-Si or amorphous Si layer 210 of 10-lOOA (preferably 10- 
50A) is formed by a chemical vapor deposition (CVD) method on the gate insulator 22. 
The Si layer 210 functions as a seed layer for the subsequent SiGe layer (see J. 
Hectrochem. Soc. 141(8) 1994 P p.2235-2241). This is a generally known method of 
forming a poly-SiGe layer on a Si oxide layer. On the Si layer 210, apoiy-SiGe layer 23 
is formed using a source gas of SiH4 and GeH4 at a temperature of 450-600°C by a 
CVD method. The poly-SiGe layer 23 has a columnar structure. On the poly-SiGe layer 
23, an amorphous Si layer 211 is formed using a source gas such as SiH 4 or Si 2 H 6 at a 
temperature of 350-580°C. Generally, it is known that the phase transformation 
temperature between the polycrystaffine and amorphous structures is about 580»C. The 
amorphous Si layer 21 1 is crystallized to have a random polyerystaUine structure by the 
thermal processes of re-oxidation and an activation annealing. Consequently, the formed 
gate structure is the same as that shown in FIG. 3. 

[0225] The lower the temperature at which the amorphous Si layer is formed, the 
better the results. For example, when the temperature is more man 500°C, crystallization 
starts at an interface region in contact with the lower poly-SiGe layer during the 



— „ us S ld epos, ti onp I ocess, W he r e tot he^ h ou S S il a y e I hasa— s 
throughput. 

, T?TG 6A and FIG. 6B illustrate another method of forming the 
[02301 Accordingly, FIG. 6A ana r ivj 

gate having the structure shown in FIG. 3. 

l02351 M sofformin g the g atein S u,ato ^ofSiO.thoseedSUayermand 
^po^Oe^ZB^sa — „e are me same as mat chained 

K , Si layer 21 1 used as an interlayer, and an amorphous SiGe layer 
layer 23 , an amorphous Si layer L l i, u 

214 areseo.uentially formed. !n the —ent shown in HG. 6A, me amorphous 
S I Ge 1 ayer214,s f ormeda ft erformm g meamorphousSnayer2U. However, me 
amor P honsS 1 Gelayer2Ucanhe t ormed & s t ,asshown i nHG. 6 B.Mso,on 1 yoneo f 
^amorphous SUayer 2U or me amorphous SiGe ,ayer 2U may be formed, ^e 
amorphousSilayerZUishenef.ciallyformedmamie.nessofSCOOAara 

Sickness of 50-200A at a temperature of less than 450°C. 

u < Si laver 21 1 (or the amorphous SiGe layer 214), an 
[0240) On the amorphous Si layeT z no 

amorphousSilayer2 1 3isfor»eda,atempera to eof 5 00- 5 S0« C . 1 n t hiscase,sincethe 
^orphooa Si layer 2! 3 has a relativeiy hi g h deposition speed, the throng ,s not 
reduced. 



annealing activates the source/drain regions. 

teM t Im ^e^--*, to .^»^ 

f , he lower poly-SiGe layer 23 moves upward, the interlayer aots 
crystallization pattern of the lower poiy o 

to restrain the crystallization pattern from moving npward. 

, 025S1 FI a. 7 showsasecondemhodmrento f asemteondnctor(CMOS F BX)devtcc 
h a V1 nganHGSG. The gate of FIG- 7 comprises a lower poly-SiGe layer 33 and an 
33 hasacolnmnarstruemreinwhichasrams.e is smaller thanme grain st.eman 

larger than the grain size in the lower poly-SiGe layer 33. 



^fc.— ^1-— .On fll epoly-SUa y e r 34a,apo ly -SUa y e t 3 4b 



method 



m5[ FIG 8A and FIG. SB show Ge concentration distributions after a boron ton 

transistors, after forming gates having the structures shown in FIG. 3 and FIG. 2, 
respectively. 

■r I1v the eate having the Ge concentration shown in FIG. 8A has 
[0270] More specifically, the gate ndv g 

poly . Sl Ge,a y erhavingaGeconcentrationo f 20% was formed to a thickness of 600 - 

^OAandanupperpol.-Srla.erwasthenformedtoathtcimessof!^,^. 

^erpattemrngthegatchoronionswerermp^edandre-oxidationwascarriedontat 

at emperatureof^Cfor 2 mmute,Amprdmerma I process( RW )wascarr 1 edoutat 

amtrogenamrosphereofLOOO^Cfor^Oseconds. ^e Ge concentration distrihutron 

^measnredusmganaugereiectronspectroscopytAES^alysis. 

u -, * ' „.«. havinB the GE concentration shown in FIG. 8B is the 
10275] Meanwhile, the gate having me « 

convention, gate of FIG. 2. hr that case, a iower P o ly -SiGe iayer having a Ge 
concentration of30% was formed a, a thickness of 600 - 700A and an upper poiy-Si 
layer was then formed to a thickness of 1,300- 400 A. After carrying out the same 
processes as FIG. 8A, the Ge concentration distribution was measured using the AES 



[02 80, 'lnFIGS.8A-B,tbeX-axiaindica,esas P ntterhigtime. fncreased sputtering 
rrrneCgreaterXaxisvalues^uate to the lower portions of the gate layer. The Y-axis 
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indicates the distribution of the percentage of atom (Ge or Si) concentration present 
• (black dots). 

[0285] The Ge concentration curve (black dots) shown in FIG. 8A shows an abrupt 
change in the Ge concentration profile when the Ge concentration was densified on the 
lower poly-SiGe layer of fire gate, fir contrast, in the chart of FIG. 8B the left-hand side 
of the curve (black dots) shows the Ge concentration profile having a tail in which the 
Ge concentration is slowly reduced from its level at the interface between the upper 
poly-Si layer and the lower poly-SiGe layer of the gate. Also, FIG. 8B shows that the 
Ge concentration of the original lower poly-SiGe layer was reduced from 30% to 20% 
after undergoing the boron ion implantation, reoxidation, and RTF annealing processes. 
In other words, FlG. 8B illustrates that Ge diffuses from the lower poly-SiGe layer into 
the upper poly- Si layer. 

[0290] As is apparent from the results of the AES analysis shown in FIG. 8A and FIG. 
8B, it can be appreciated that the gate structure shown in FIG. 3 restrains Ge from 
diffusing as compared with the conventional structure shown in FIG. 2. 
[0295] FIG. 9 is a chart illustrating the results that were obtained by measuring the 
capacitance equivalent oxide thickness (CET) of gates having the structures in FIG. 2 
and FIG. 3. In the diagram, open (white) circles and closed (black) circles show the 
CETs of the gates of FIG. 2 and FIG. 3, respectively. The CET is the oxide thickness 
calculated by a capacitance vs. voltage plot (C-V plot). The C-V plot is obtained by 
measuring the difference in capacitance between the gate and the substrate according to 
a change in voltage supplied to the gate. Generally, the capacitance is in direct 
proportion to (he dielectric constant of an insulation layer between the gate and the 



. . PMOS .resistor, when the gate is supplied with a positive vo.tage, then the substrate 
becomes in an accumulation state in which elections are accumulated. Conversely, 
w hen tire gate is supplied with a negative voltage then the substrate becomes m an 
version state in which holes are accumulated. The curves shown on the left-hand stde 
„fFIG.9show,respectively ) .heC E Tsof,hegateso. fFI G.3andF I G.2calcn,atedfrom 

theC-Vplotin.be accumulation state. Therewas no significant difference between the 
GET of the gate having the discontinuous betero grain stack structure shown in FIG. 3 
and the CET of the gate having the continuous columnar stack structure shown in FIG. 

[0300, The curves shown on the nght-hand side of FIG. 9 show, respectively, the 
CETs of the gates of FIG. 3 and FIG. 2 calculated from the C-V plot in the inversion 

the CET in the accumulation state in consideration of the poly-gate depletion. That ts, 
sfccethepoly-gatedepietionregion acts asacapacitor connected with the gate insulator 
during the operation of the semiconductor device, the CET in the inversion state has a 
value higher titan mat of the CET in the accumulation state. As shown in FIG. 9, the 
CETs of the gate of FIG. 3 (black circles) were smaller than those of the gate of FIG. 2 
(open ctrcles, This means that the gate depletion in the gate of FIG. 3 was smaller than 
that of the gate of FIG. 2. Thus, it can be appreciated through the diagram of FIG. 9 that 

W as mamtained to ahigh degree compared with tire conventional gate structure. 
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[0305, FmS.lOAaBdlOBareven^v.ewsof.heconventionalgatesm.otuxe^an 
■ HGSG respects as viewed te oU gh TEM (Trans^s.on Electro-Microscopy)^ FIG. 
10A shows the gate struchue of FIG. 2, and FIG. 3 OB shows the gate structure of FIG. 3, 
formed bythememod ii.us.ated in FIG. 6A. The iower pofy-SrGe layer is formed 
^source gases „f 200scom SiH. 40sccm GeH4, and 6shn H2 at 500-550«C. The 
interlayet atnorphous Si is formed using source gases of 200 seem SiH, and 6 aim H 2 at 
450-500°C. The mterlayer amorphous S.Ge is formed using source gases of 200sccm 
si H4 35sc C mGcH4,6shnH 2 at 400-450°C. The upper amorphous Si is formedusmg 
SOUI cegasof250sccm Sl H 4 ,6sunH 2 at 55 0«C. The interiayer(s) and the upper 
^orphous Si are changed into a poly-crystaiiine structure duthtg the suhse q uent 



,03X0! mthedrawingsandspec.fcat.on.therehavehecndisciosedrypicaipreferred 

„ a gene ri c and descriptive sense oniy and not for purposes of hmitation, the scope of 
the present invention being set forth in the foilowing claims. 
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